Introduction: While the influence of type 1 diabetes mellitus (T1DM) on periodontal health is well established, results of previous studies regarding the association of this metabolic disease and caries experience are rather inconsistent. The aim of this study was to assess the differences between caries status of healthy and adolescents with T1DM, as well as to determine the differences in caries experience among diabetic patients in relation to their metabolic control.
INTRODUCTION
Diabetes mellitus is a group of metabolic diseases characterized by elevated blood glucose levels (hyperglycemia) resulting from defects in insulin secretion, insulin action, or both. In type 1 diabetes (T1DM), the body does not produce insulin. This type of diabetes is usually diagnosed during childhood or early adolescence (1) . Complications of diabetes mellitus are the result of persistent hyperglycemia and poor metabolic control. Metabolic disturbances cause blood vessels damage and the main complications of diabetes mellitus affect the organs and tissues rich in
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Oral complications of diabetes mellitus include periodontal diseases (periodontitis and gingivitis); salivary dysfunction leading to a reduction in salivary flow and changes in saliva composition, and taste dysfunction. Oral fungal and bacterial infections have also been reported in patients with diabetes (4, 5) . Reduced amount of saliva in diabetics decreases its antimicrobial activity. The oral cavity is therefore devoid of natural protection and prone to tooth decay and inflammation of the oral mucosa. Normal saliva has the anticariogenic effect -namely, in addition to calcium and phosphate ions, which play a role in teeth remineralisation, saliva contains components that destroy and inhibit the metabolism of cariogenic bacteria. The reduction of saliva secretion thus results in reduced resistance to the development of dental caries (4). Also, a high level of glucose in the saliva increases the amount of fermentable carbohydrates available for the metabolism of oral bacteria, which results in high production of acids that cause demineralization of hard tooth tissues. A higher concentration of salivary glucose and increased acidity in the mouth are the factors that lead to increased risk for the development of caries in patients with diabetes mellitus, while on the other hand, cutting back on carbohydrates and successful glycemic control can lead to a reduced incidence of caries in these patients (6) .
Glycated hemoglobin A1c (HbA1c) is a widely used marker of chronic glycaemia, reflecting average blood glucose levels over a 2-3 month period of time. The test plays a critical role in the management of the patient with diabetes, since it correlates well with both microvascular and, to a lesser extent, macrovascular complications and is widely used as the standard biomarker for the adequacy of glycemic management (7, 8) .
The aim of this study was to assess the differences between dental caries status of healthy and adolescents diagnosed with type 1 diabetes mellitus, as well as to determine whether there are differences in caries experience among diabetic patients in relation to their metabolic control.
METHODS
This is a prospective study conducted in the Public Institution Health Centre of Sarajevo Canton (PIHCSC) from January 2014 to February 2015.
Ethical considerations
The study design was approved by the Ethical Committee of Dental Faculty, University of Sarajevo. The nature and purpose of the research was presented to the parents/guardians of all the subjects who participated in the study, and consequently consent forms were signed. At the end of the research, all the patients received adequate dental treatment.
Subjects

Diabetic group
Sixty patients (age 12 to 18) of the Endocrinology Department of Pediatric Clinic (EDPC) in Sarajevo, with type 1 diabetes, were included as subjects in this study. The patients who visited the EDPC for routine check-ups, during the period January 2014 -February 2015, were handed written information about the study, and the invitation for dental examination. During the study recruitment period, a total of 30 patients with poor metabolic control (subgroup Diabetic-P), who matched inclusion criteria, accepted to participate in the study. They were scheduled for the dental examination at the Dental Department of the Public Institution Health Centre of Sarajevo Canton (DDPIHCS). Another consecutively attending 30 subjects with well-controlled glycaemia (subgroup Diabetic-W), who accepted to participate in the study and matched the criteria, were scheduled for the examination. The degree of diabetes control was assessed by glycated hemoglobin (HbA1c). Well-controlled diabetics had HbA1c ≤ 7%, whereas poor control was considered when HbA1c > 7% (7, 8) . This information was obtained from the patient medical records.
Besides the written parental consent and age, participants were selected by the inclusion criteria of being patients diagnosed with T1DM according to the diagnostic protocol of the EDPC in Sarajevo, at least 2 years earlier. The exclusion criteria were: subjects undergoing active orthodontic therapy, having extensive and multiple non-carious lesions of hard tooth tissues, and having professionally applied topical fluorides in the previous 6 months. 48 
Control group
Upon selection of diabetic participants, 30 metabolically healthy adolescents of corresponding age, who consecutively attended the DDPIHCS for dental check-ups and agreed to participate in the study, were recruited. The inclusion criteria for controls were: age, parental consent, and no history of systemic illness. The exclusion criteria were the same as those for the Diabetic group.
Dental examinations
Clinical examinations were performed at the DDPIHCS, by a single dentist, using a straight dental mirror and dental probe.
Dental status was assessed by using the DMFT index according to the World Health Organization (WHO) guidelines (9) . The DMFT Index is used to describe the prevalence of dental caries in an individual by scoring decayed -untreated carious teeth, missing, and filled teeth. "D" component included teeth with clearly visible caries lesions with cavitation; "M" denoted extracted teeth due to caries, whereas "F" denoted teeth with definitive filling.
Statistical analysis
Data were analyzed using Microsoft Office XP Excel. DMFT score and its components were calculated. Differences between the groups were assessed by using the Student t-test. Differences were considered to be statistically significant at p < 0.05.
RESULTS
The subjects in the study were aged 12-18 years. The Diabetic group consisted of 60 subjects with T1DM, mean age 15.8±1.79 years, whereas in the Control group there were 30 healthy subjects, mean age 15.2±1.99 years. The mean age of the subjects from the Diabetic-W subgroup was 15.97±1.59 years, whereas of those with poor metabolic control from the Diabetic-P subgroup was 15.63±1.99 years.
Average duration of the illness in the Diabetic-W subgroup was 8.87±3.13 years, and in the Diabetic-P subgroup it was 8.37±3.12 years. This is not regarded as statistically significant difference.
The proportion of caries-free participants in the Diabetic group is somewhat higher than in the Control group as shown in Figure 1 .
The diabetic adolescents had a significantly higher (p < 0.01, t-test) mean DMFT score than the healthy subjects, which are 11.49±3.10 and 6.19±2.54 respectively. The mean number of decayed teeth (DT) was significantly lower (p < 0.01) in the Control group compared to the Diabetic group.
There were fewer extracted teeth (MT) among the metabolically healthy adolescents compared to the diabetic subjects, and this result is statistically significant (p < 0.01).
The mean number of filled teeth (FT) is statistically (p < 0.05) lower in the Control group compared to the Diabetic group, as shown in Figure 2 .
In terms of metabolic control, mean DMFT score in the Diabetic-W subgroup was 10.57±3.22, which was lower than in the Diabetic-P subgroup No significant statistical differences in terms of caries and filled teeth were found between the subjects in the Diabetic-W and Diabetic-P subgroups. The results are shown in Figure 3 .
DISCUSSION
The overall results of this study demonstrate poor dental health status in both healthy and adolescents with T1DM. In line with the WHO criteria, the mean DMFT (6.19±2.54) in our Control group is considered to be of high severity level (10) . Due to relatively small sample size and recruitment among adolescents with regular dental attendance, the sample cannot be regarded representative of the entire population. However, since an earlier study, conducted on national and regional levels in Bosnia and Herzegovina, reported a DMFT score of 7.6±4.0 and only 2% caries-free subjects among 15-yearolds in Sarajevo, in 2007 (11), the results from our study strongly suggest that there is an urgent need for community-based strategies for caries disease control in Sarajevo.
While periodontal disease is a well-documented complication of T1DM (5, 12) , the relationship between this metabolic disease and dental caries is still unclear. Earlier studies on this issue reported inconsistent results. In a systematic review of oral health status of adolescents with T1DM in relation to caries in the permanent dentition (DMFT/S), Ismail et al. reported 5 studies indicating significantly higher caries experience in children with type 1 diabetes when compared to healthy controls, 3 studies indicating significantly lower values, and 7 studies reporting no difference between the two groups (13).
While salivary secretion dysfunction, as documented in several studies on diabetic patients (5), increases a caries risk, a proper metabolic control prevents the high glucose content and lower pH of saliva. Also, proper diabetic diet, rich in fibre and low in simple carbohydrates, may slow down the production of plaque and the proliferation of acidogenic bacterial microflora (3) . Regarding the amount of Streptococcus mutans or Lactobacilli that represent a considerable risk factor in caries development, findings of previous studies are controversial. While studies of Swanljung et al. (14) and Twetman et al. (15) found significantly larger amounts of those bacteria in diabetic patients compared to controls, Siudikiene et al. (16), El-Tekeya et al. (17), and Canepari et al. (18) found that a mean log count of microorganisms between studied groups was not significantly different.
The proportion of caries-free diabetics in our study was somewhat greater compared to the Control group, and this result is opposed to the results obtained by Alavi et al. (19) . In terms of caries experience, though, our results showed that the diabetic adolescents had a significantly higher mean DMFT score than the controls. Other studies (15, 20, 21) also demonstrated higher scores in patients with diabetes mellitus. However, a few other studies suggest that there are practically no differences between the two groups (17, 22) .
Regarding DMFT components, multiple studies (3, 23, 24) found a higher rate of decayed teeth in patients with diabetes mellitus compared to healthy children, which is in accordance with our results. The study of Miko et al. (25) showed no statistical difference in that regard. Arheiam and Omar reported that the mean number of decayed and missing teeth was higher in diabetic children (26) .
Our results also demonstrated a higher rate of missing, as well as filled teeth in the diabetic children. 50 When the correlation between the level of metabolic control of T1DM and dental condition is considered, most of the studies report that well-controlled diabetics have fewer decayed teeth. In our study, the mean DMFT value in the subjects from the Diabetic-P subgroup was greater compared to the well-controlled patients, however, the difference is not statistically significant. This is in accordance with a study performed by El-Tekeya et al. (17) , which indicated no significant difference between well, fairly, and inadequately controlled patients regarding caries experience.
However, the subjects with poorer metabolic control in our study had a significantly higher rate of extracted teeth.
As opposed to ours and the results of El-Tekeya et al., the main finding of the study conducted by Tweetman et al. (6) was that diabetic children and adolescents with poor metabolic control developed 3 times more lesions during the study period compared to those with better metabolic control. The results of Miko et al. (25) also showed that the mean number of decayed teeth in well-controlled T1DM adolescents is lower, but the number of filled teeth is higher than in patients with poorer glycemic control. Carneiro et al. (27) demonstrated that the DMFT score was higher in individuals with higher HbA1c values and that more caries-free individuals were found in the group with lower HbA1c. In the study of Sudikiene et al. (28) , well to moderately controlled diabetics had fewer decayed surfaces. Orbak et al. (3) found that the incidence of caries in permanent dentition was higher in the group with poor metabolic control.
Although the sample in this study is not representative and the results cannot be applicable to the entire population of this age, we believe that the study findings provide enough evidence to suggest possible association between diabetes mellitus and increasing dental caries in adolescent population in Sarajevo. To draw definitive conclusions on this issue, complex interactions of multiple factors such as a reduced salivary flow rate and buffer effect, oral microbial counts, plaque accumulation, diet quality, but also health behaviors and socio-demographic factors, should be explored in a representative sample of subjects with and without diabetes.
CONCLUSION
Within the limitations of the study, presented results clearly demonstrate that young patients with type 1 diabetes mellitus have a significantly greater caries experience than their healthy counterparts, regardless of the degree of metabolic control. Furthermore, the level of untreated dental decay as well as missing teeth among the diabetic adolescents is very high, which indicates irregular dental attendance. A joint action of both dental and non-dental health professionals is needed to raise the awareness about oral health complications associated with diabetes. In order to receive timely and adequate oral health advice and care, pediatric patients and their parents should be referred to the dentist at the very onset of the disease.
